To examine the characteristics of unsteady open channel flow, one-dimensional depth-averaged velocity deformation model is developed. The fundamental form of streamwise velocity in a power series of depth is initially assumed, and the formula for friction velocity is derived. The coefficients of the power series are later evaluated by using the unsteady equation of motion. The applicability of the model is tested using experimental data. The numerical model showed reasonably good agreement with the experimental data. A new approach to reproduce the velocity deformation in the vicinity of free surface using the comparison of velocity distribution of numerical model and uniform velocity distribution of Engelund model is also presented.
INTRODUCTION
Unsteady effect in the rivers influences the flow during floods causing the loop-rating curve for discharge against flow depth. The behavior of the flow changes with the flood period during the rising and falling stages. Investigation of velocity distribution is therefore one of the most important aspects to study the hydrodynamic characteristics of rivers during floods. The simple depth-averaged model is a powerful tool to characterize the flow in the rivers due to its small computational loads. The key idea is to assume the velocity distribution throughout the depth and to estimate the bed shear stress by the momentum equation.
Many researchers accurately measured the characteristics of unsteady flows despite of the difficulty in measurements near the free surface, of which Nezu et. al. (1997) conducted turbulence measurements over a smooth bed, while Song and Graf (1996) performed the measurements over a rough bed.
Numerical simulation of flood flows was carried out by Nezu et. al Both Engelund's model (1974) and the model deduced by Onda et. al. (2003) did not consider the unsteady effect of the flow. Thus, to study the characteristics of a flood flow, we propose a simple depth-averaged model incorporating an unsteadiness parameter. To check the applicability of the model for unsteady flows over smooth and rough beds, the experimental data of Song and Graf (1996) and Nezu et. al. (1997) are used.
MODEL FORMULATION (1) Distribution of streamwise velocity over entire depth
The vertical distribution of streamwise velocity for Engelund (1974) model is described by the equation of motion.
where  is bed shear stress and  is bed slope.
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The model adopted the assumptions of a constant eddy viscosity  in a steady uniform flow for a wide channel.
To simulate the unsteady open channel flows, we consider the unsteady effect of the flow in the model for the evaluation of streamwise velocity in vertical direction. The distribution of streamwise velocity over entire depth is expressed by a power law as 
The coefficients of power series (Eq. 3) are evaluated by considering each term of Eq. (8) in different order of  to zero. This procedure is used to calculate the coefficients 2 u and 3 u as, 
Substituting all the expressions of coefficients in Eq. (15) and then after simplification, the equation for friction velocity is obtained as follows:
where, 
RESULTS
To verify the applicability of the proposed numerical (Num) model, the experimental data of Song and Graf (1996) for rough bed case; and Nezu et. al. (1997) for smooth bed case (with high and low unsteadiness parameter) are used for the comparison. The hydraulic conditions considered during the simulation are tabulated in Table 1 . In Table 1 ) (depth vs. time) for these cases are also depicted in Fig. 1 . As in experiments, the peak of normalized bed shear stress decreases with a decrease in unsteadiness parameter. It is also evident from Fig. 1 that during the passage of flood flows, the friction velocity is attained to its maximum value first and after the peak of depth appears.
b) Velocity deformation
In open channel flows, the vertical distribution of streamwise velocity deviates at the free surface due to attenuation of vertical turbulence intensity. In the present model, instead of vertical turbulence intensity the additional stresses which are formed due to the correlation of time-averaged vertical and streamwise velocity are incorporated. These additional stresses in Num model causes the vertical distribution of streamwise velocity to deviate from the uniform flow velocity distribution of Engelund model (EM) EM U . This velocity deformation induced by unsteadiness and non-uniformity of the flow is depicted in Fig. 2 . The temporal change of difference of non dimensional velocity at the surface is compared with the experimental result for both the cases, as shown in Fig. 3 . Here, the  value for steady flow in experimental case is selected as 0.1. Similar to the experiment, the distribution of normalized velocity attains a maximum value before the peak depth appears. It is also seen that the peak values of normalized velocity decreases with a decrease in unsteadiness parameter. Time variation of hydraulic parameters is depicted in Fig. 4 for rough bed case (SG). The comparison shows the hydrographs for Num model along with the experimental data of Song and Graf (1996) . All hydrographs agree well with the experimental data. The consideration of power series for streamwise velocity over the entire depth is responsible for the higher peak velocity in Num model. During the passage of flow, maximum of friction velocity attained first and successively the peak of averaged velocity and discharge arrive. Finally, the maximum value of depth appears causing a loop-rating curve for depth against discharge.
b) Time variation of streamwise velocity
Time variation of streamwise velocities over entire depth is presented in Fig. 5 . It is evident that near wall region, the computed velocity over estimates the experimental values but in the intermediate region the distribution is similar to the experiments. This is attributed to the friction near the bed to be less for Num model, causing higher velocity at the bottom compared to the experiment. Further up in the region, the computed velocity values are underestimated the experimental values and at the free surface it again matches with the experimental data, indicating full development of the flow due to inclusion of an unsteadiness effect. As in the experiments, the velocity in the vicinity of water surface attains the peak values earlier than the velocity near the bottom.
c) Vertical distribution of streamwise velocity
The distributions of streamwise velocities over the entire depth for equivalent experimental depth are plotted in Fig. 6 . The hydraulic parameters associated are tabulated in Table 2 . Due to overestimation of the near wall velocity, the distribution does not show good agreement near the bottom for all the time. For the base flow, the velocity distribution is not as well developed as the experimental one. When the peak discharge approaches, the velocity distribution for Num model come closer to the experimental data. The vertical distribution of velocity during the rising stage shows the higher value compared to the falling stage, indicating that the sediment transport rate is higher in rising stage and lower in the falling stage. It is observed from the comparison that the secondary current causes the experimental velocity distribution to deviate in the vicinity of the free surface resulting Table 2 The numerical and experimental hydraulic variables
11.3 6.55 11 6.55 in maximum velocity at a certain distance below the water surface. In case of Num model, the maximum velocity is obtained at the surface due to the additional stresses. These additional s tresses supplied are induced by the fluid flow, but not by the turbulence. This stresses are responsible for full development of flow at the water surface. This is clearly observed in Fig. 7 , when velocity distribution for two cases, rising (T = 35 sec) and 
CONCLUSIONS
The comparison of proposed depth-averaged velocity deformation model with the experimental data and computational result of EM model leads to the following conclusions:
The peak value of normalized bed shear stress decreases with a decrease in unsteadiness parameter.
Similar to the experiments, the velocity near the water surface attains the maximum value earlier than that near the wall.
As like the experiment, the streamwise velocity in the rising stage is larger than that in the falling stage for the equivalent water depth.
Additional shear stresses incorporated into the model are responsible for the deviation of velocity distribution of Num model from the uniform flow velocity distribution of Engelund model.
The difference of non dimensional velocity between Num model and Engelund model at the surface in the temporal distribution decreases at the peak with the decrease in unsteadiness parameter.
The results from the model agree well with the experimental data, suggesting that the model is well suited for the unsteady flow over the smooth and rough beds.
